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Abstract: The unsteady flow caused by the rotor-stator interaction is the primary excitation source for the
forced response of the blade/blisk. A more accurate and comprehensive characterization of the spatiotemporal
features of the rotor-stator interaction unsteady flow field is of significance for the analysis of fluid-structure in-
teraction vibrations. The typical modal analysis methods such as the proper orthogonal decomposition ( POD)
and the dynamic mode decomposition (DMD) were employed to effectively identify and extract the excitation
components from complex flow systems. With a 1.5-stage turbine cascade as the example, the POD method and
the DMD method were used to obtain the flow modes and temporal bases of the 2D rotor-stator interaction flow
field, and analyse the spatiotemporal characterization of the blade channel. The results show that, the both mo-
dal decomposition methods can effectively identify the flow characteristics and realize the reasonable reduction
of the flow field. The POD method, with the modal energy ranking, can accurately identify the dominant flow
structures in the flow field. Meanwhile, the DMD method based on frequency characteristics can rapidly pin-
point the excitation frequencies and engine orders of each mode in the flow field. Compared to the fast Fourier
transform (FFT) methods, the modal decomposition techniques are not influenced by the sampling locations
and effectively combine full-field flow recognition with local feature analysis. This approach facilitates swift a-

nalysis of unsteady excitation-coupled vibrations in turbomachinery.
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Table 1  Aachen turbine geometric parameters

geometric parameter stator blade rotor blade
number of blades 36 41
chord length /m 0.062 0.06
blade width /m 0.044 25 0.054
aspect ratio 0.887 0.917
blade pitch /m 0.047 6 0.041 8
tip diameter /m 0.6 0.6
rotation speed /(r/min) 0 3 500
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Table 2 Mesh-independent verification

mesh scheme number of meshes minimum mesh edge length/m
mesh A 448 263 2.292x107*
mesh B 501 563 1.779x107
mesh C 654 499 1.146x107*
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Fig. 1 Comparison of pressures in characteristic sections of different meshes
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Fig. 2 The 1.5-stage 2D cascade mesh grid
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Fig. 8 The 2nd to Sth POD modes of the 1:1:1 model
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Table 3 Growth rates and reduced frequencies of the Ist 5 DMD modes of the 1:1:1 model

mode growth rate reduced frequency/Hz
1 3.00x107% 0
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4,5 6.57x107° 5582
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Table 4  Engine orders of 2 models

1:1:1 model 6:7 :7 model
F /Hz engine order F /Hz engine order
2791 0 2392 1
5582 0 2791 0
8 373 0 4784 2
11 164 0 5582 0
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Fig. 16 Engine order distributions of POD modes of 2 different models
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